In the previous paper in this series, we reported the identification of acteoside and isoacteoside as the antiproliferative constituents in the leaves of Clerodendron bungei and leaves and bark of Clerodendron trichotomum (Verbenaceae).
In the previous paper in this series, we reported the identification of acteoside and isoacteoside as the antiproliferative constituents in the leaves of Clerodendron bungei and leaves and bark of Clerodendron trichotomum (Verbenaceae).
2) As a continuation of the search for the antiproliferative constituents in the Verbenaceae plants, we examined the constituents of Lippia dulcis TREV. and L. canescens KUNTH.
L. dulcis is a creeping sweet herb endemic to tropical America, and the tea or infusion of the leaves is reported to have been used as a traditional medicine for the treatment of coughs and bronchitis and as an emmenagogue.
3) The preliminary screening of the antiproliferative activity of the MeOH extract of this plant revealed that it inhibits murine melanoma (B16F10) cell growth (GI 50 : 9 mg/ml).
The constituents of this plant were investigated by Compadre et al. 4) and Kaneda et al. 5) and the isolation and structures of the sweet sesquiterpenes [(ϩ)-hernandulcin and (ϩ)-4b-hydroxyhernandulcin], a nonsweet sesquiterpene [(Ϫ)-epihernandulcin], a monoterpene (6-methyl-5-hepten-2-one), and acteoside have been reported. The major constituents of the volatile oil of the leaves were identified by GC/MS analysis.
6) The constituents responsible for inhibition of tumor cell growth, however, have not been clarified.
L. canescens is indigenous to Peru, was introduced to Japan in the beginning of the 1920s and has been utilized as a ground cover, although its chemical constituents have not been investigated except for the comment on the presence of flavones. 7) Although the antiproliferative activity of its MeOH extract is much lower (GI 50 : 67 mg/ml against B16F10), its constituents were investigated to compare them with those of L. dulcis. This paper deals with the constituents of L. dulcis and L. canescens and their antiproliferative activity against murine melanoma (B16F10), human gastric adenocarcinoma (MK-1), and human uterine carcinoma (HeLa) cells.
MATERIALS AND METHODS

Instruments and Reagents
The instruments and reagents used in this study were the same as those described in the previous paper. Measurement of Antiproliferative Activity against Tumor Cell Lines The inhibition of the cellular growth was estimated using the MTT assay as described by Mosmann.
8) The detailed procedure was described in the previous paper.
2) The GI 50 values (mg/ml) of the MeOH extracts and fractions are the average of two determinations, and the GI 50 values (mM) of the isolated compounds are the means of four determinations.
Extraction and Isolation From the Aerial Part of L. dulcis: The air-dried and powdered material (128 g) was extracted with MeOH (1 l) under reflux for 1 h. After decantation of MeOH, the residue was extracted twice for 30 min in the same manner. The MeOH solutions were combined and concentrated in vacuo to give a dark green resin (21.7 g). The GI 50 values were 9 mg/ml for B16F10, 64 mg/ml for MK-1, and Ͼ100 mg/ml for HeLa. The MeOH extract was partitioned between AcOEt and H 2 O. The AcOEt layer was concentrated in vacuo to give a dark green resin (fr. I, 5.0 g, GI 50 values: 11 mg/ml for B16F10, 32 mg/ml for MK-1, and 58 mg/ml for HeLa). The aqueous layer was passed through a column of styrene polymer, Diaion HP-20, and the column was washed with H 2 O, and then with MeOH. The H 2 O eluate was concentrated in vacuo to give a brown resin (fr. II, 8.8 g, GI 50 values: Ͼ100 mg/ml for the three tumor cell lines). The MeOH eluate (fr. III, 5.8 g) had GI 50 values of 25 mg/ml for B16F10, 42 mg/ml for MK-1, and 68 mg/ml for HeLa. Fraction I was separated into four fractions (fr. I-1-I-4) by silica gel column chromatography using CHCl 3 -MeOH-H 2 O (10 : 1 : 0.1). Fraction I-1 was further chromatographed on silica gel using the solvent systems benzene-acetone (100 : 1-4 : 1) and hexane-AcOEt (9 : 1-1 : 2) to give (ϩ)-hernandulcin 4) (1, 177 mg), (Ϫ)-epihernandulcin 4) (2, 82 mg), and (ϩ)-anymol 9,10) (3, 17 mg). Fractions I-2 and I-3 were purified by YMC gel column (ODS, 30-50% MeCN) and HPLC (KC-PACK SM-A, 35% MeCN) to give martynoside 11) (6, 13 mg) and compound 7 (9 mg), respectively. Fractions I-4 and III were combined and subjected to YMC gel column chromatography (30% MeCN) and then to HPLC (40% MeOH) to afford acteoside 12) (4, 2.56 g) and isoacteoside 2) (5, 128 mg). Identification of the known compounds was performed by analyses of MS and NMR spectra and comparison of the physical data with those reported. From the Aerial Parts of L. canescens: The fresh aerial part of L. canescens (540 g) was homogenized in MeOH and filtered. The residue was extracted with MeOH again. The MeOH solutions were combined and concentrated in vacuo to give a dark green resin (22.0 g). The GI 50 values are 67 mg/ml for B16F10 and Ͼ100 mg/ml for MK-1 and HeLa. The MeOH extract was partitioned between CHCl 3 and H 2 O. The CHCl 3 layer was concentrated in vacuo to give a dark green resin (fr. I, 4.0 g, GI 50 values: 48 mg/ml for B16F10, 59 mg/ml for MK-1, and Ͼ100 mg/ml for HeLa). The aqueous layer was passed through a column of Diaion HP-20, and the column was washed with H 2 O and then MeOH. The H 2 O eluate and the MeOH eluate were separately concentrated in vacuo to give a brown resin (fr. II, 12.8 g) from the former, and a dark brown resin (fr. III, 3.1 g) from the latter. Fraction II showed no antiproliferative activity, while fr. III had GI 50 values of 35 mg/ml for B16F10, 31 mg/ml for MK-1, and 10 mg/ml for HeLa. From fr. III, desmethoxycentaureidin (8), and leucosceptoside A (9), and three flavones, desmethoxycentaureidin (10), eupafolin (11) , and 6-hydroxyluteolin (12), were isolated. The antiproliferative activity of the isolated compounds was determined by the MTT assay, and their GI 50 values (mM) are listed in Table 1 .
Considering the GI 50 values (B16F10: 11 mM; MK-1: 35 mM; HeLa: 50 mM) and the yield (2%), acteoside (4) is responsible for the activity of the MeOH extract of the aerial part of L. dulcis. (ϩ)-Anymol (3) showed high activity against B16F10 comparable to that of acteoside (4), although its contribution to the overall activity is slight judging from its low content. The low activity of the MeOH extract from L. canescens would be due to the low contents of active constituents, although individual phenylethanoid glycoside and flavone show moderate activity.
Among the six phenylethanoid glycosides, acteoside (4), isoacteoside (5), and arenarioside (xylopyranosylacteoside) (8) , which have a 3,4-dihydroxyphenethyl group and esterlinked caffeic acid, showed almost the same high activity followed by leucosceptoside A which has ferulic acid instead of caffeic acid. Martynoside (6) and diacetylmartynoside (7), which have a 3-hydroxy-4-methoxyphenethyl group and ferulic acid, showed very low activity. These data indicate that the activity is largely dependent on the substituents of the phenethyl group, slightly influenced by the substituents of the phenylpropanoic acid, and not influenced by the structure of the sugar moiety. This is consistent with our previous results.
2)
The inhibitory activity of three flavones suggests that HeLa cells are more sensitive to these flavones than the other two tumor cells. The presence of a 3Ј,4Ј-dihydroxy group in ring B plays an important role in the high activity against B16F10, and introduction of the methoxyl group appears to lower the activity. However, this is not the case in the activity against HeLa cells. It appears that the substitution patterns at rings A and B have different influences on the activity against different tumor cell species.
